Polyimide has been used extensively as the primary wiring insulation in commercial planes, military aircraft and space vehicles due to its low weight, high service temperature and good dielectric strength. New failure modes, however, have been asscciated with the use of polyimidebecause of the susceptibility of the insulation to pyrolization and arc tracking. A new wiring construction utilizing partially fluonated polyimide insulation has been tested and compared with the standard military polyimide wire. Electrical properties which were investigated include AC corona inception and extinction voltages (sea level and 60,oO feet), time/current to smoke and wire fusing time. ' Ihe two constructions were also characterized in terms of their mechanical properties including abrasion resistance, dynamic cut through and notch propagation. In this paper, these test efforts and the results obtained arepresentedanddiscd
Introduction
Polyimide based wiring insulation (MIL-W-81381) is widely used in electrical wiring systems for aerospace applications due to its high dielectric strength, low weight, non-flammability and high temperature capability. New failure modes, however, have been reported by the aerospace community in which degraded polyimide insulation becomes conductive upon m initiation. These failures are detrimental to mission completion and safety as they have proven to be very costly in terms of loss of life and expensive equipment.
A NASA program whose objective is to i nthe safety of spacecraft wiring systems is being managed at NASA LeRC. The NASA test program compared 20 AWG samples of TRW. The TRW sample was delivered with a solid conductor instead of stranded. This reducedthe flexibility of the sample and promoted cracking in the PFPI layers. Since the PFPI material is in the developmental stages, the process of applying the material to the conductor has not been perfected. The process used to produce the samples permitted air pockets to form in the insulated layers degrading the materials performance. The conductor experienced tensile stress and flexure during pmessing which led to the development of micro cracks forming in the insulated layers. During the test, extreme care was taken in the preparation and handling of the P P I samples in ordex to produce reliable results.
PFPI/MIL-W-81381 Test Results
MIL-W-81381/7 and PFPI insulated wire produced by A 400 Hz power m e was used to determine the AC corona inception and extinction voltages. Tests wae performed on wire samples that were exposed to ambient temperature at pressures of sea level and 60,oOO feet. Three specimens of each wire sample were wrapped for 10 equally spaced turns around a 1OX mandrel. Power was applied at a rate of 50 volts per second until continuous corona discharges were observed on the positive half cycle of the AC waveform. After the inception voltage was determined, 262 the voltage was lowered gradually until the discharges were no longer detectable and this voltage was recorded as the extinction voltage.
Corona results at sea level are shown in Figure 1 and results at 60,000 feet are shown in Figure 2 
TimdCurrent to Smoke Test
The time/current to smoke test was used to determine the current and duration requid to produce smoke fiom a finished wire specimen. The wire fusing time test was used to detemine the time required to interrupt an insulated wire sample during an overcurrent condition. Six samples of each wire type were used in this test. A DC constant current supply was set for 60 amps which is 2.5 times the rated c m n t of 20 AWG silver plated copper conductor. The current was applied to the specimen and the time to interrupt was lkmrd€d
The results of the wire fusing time test are shown in Figure 4 . The MIL-W-81381 samples averaged 24.8 seconds to interrupt while the PFPI samples avemged 14.4 seconds. It should be noted that all the samples tested were fairly consistent across the specimen base. The MIL-W-81381 wire samples averaged 10.4 seconds longer to interrupt in the overcurrent condition than did the TRW PFPI samples. The PFPI construction started venting out of the bubbles andimperfections present in the insulation within a few seconds of power being applied. The disparity in performance between the two specimens can be partially attributed to the immediate breakdown of the PFPI insulation through the imperfections and partially due to the utilization of solid conductor in the PFPI construction. 
Abrasion Resistance Tea
The abrasion test was used to provide a relative abrasion resistance evaluation of wire insulations at ambient temperature and 150 degrees Celsius. Four samples of each specimen were tested using weights of one, two and three pounds at each temperature rating. Failure was determined by the abrading rod making electrical contact with the conductor. The number of cycles to failure was recorded
The results of the abrasion resistance test at ambient temperature are shown in Figure 5 and the results at 150 degrees Celsius are shown in Figure 6 . At ambient temperature, the MIL-W-81381 withstood approximately seven times more cycles than the PFPI samples. With a 2 pound weight, the differential was three times and at 3 pounds the difference less than two times. At elevated temperatures, the MILW-81381 withstood eighteen times more cycles as did the PFPI construction. With both the 2 and 3 pound weights, the differential was two times. The imperfations in the PFPI insulation made this test very difficult to perform. The abrading tool wouldcatch the edge of a hole or crack and rip the insulation as opposed to cutting through it. Individual data points indicate that the PFPI construction has the potential of performing as well as MIL-W-81381 in this test, providing the imperfections in the insulation are removed. 
Dvnamic Cut Throug h Test
The dynamic cut through test was used to evaluate the resistance of the insulation system to penetration by a cutting surface at various temperatures. Eight samples of each wire type were tested for dynamic cut through at ambient, 70,150 and 200 degrees Celsius. The cutting tool was a 20 mil tungsten carbide rod with a 4-6 mil finish. The test concluded when continuity was noted between the conductor and the cutting tool rod.
Results of the dynamic cut through test are shown in Figure 7 . The MIL-W-81381 samples withstood approximately twenty percent greater force at each tempture tested. Part of the performance margin can be athibuted to using stranded conductors in the MLW-81381 which permitted some compression of the wire and produced a greater surface area for the rod to penetrate. 
Conclusions
The tests performed to date demonstrated the similar performance characteristics between ML-W-81381 and PFPI insulations in the areas of AC corona inception and extinction and dynamic cut through. The MLW-81381 construction outperformed the PFPI construction in the areas of wire fusing time, timdcurrent to smoke, abrasion resistance, notch propagation and weight loss/outgassing. Based on the results of this evaluation, the present process of applying the P P I coating to the conductor must be improved prior to conducting additional testing. The PFPI material demonstrated many outstanding qualities during this evaluation, but the e n c e of voids and imperfections in the PFPI coating negatively impacted its overall performance. Future evaluations of the PFPI material should focus on casting films which can be used in a multiple tape insulation construction. 
